Sirtuins (SIRT) have been regarded as culprits in the pathogenesis of various diseases. Their exact role has not been explained. This study aimed to assess the expression of SIRT1, SIRT6, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ in psoriatic patients. Thirty psoriatic patients and 22 controls were enrolled. Clinical examination and Psoriasis Area and Severity Index (PASI) were obtained. Two skin biopsies (lesional, peri-lesional) and one from controls were obtained. Tissue levels of SIRT1, SIRT6, TNF-α, and IFN-γ were measured using ELISA. SIRT1 was significantly lower in lesional skin with gradual increase in perilesional followed by control skin (P <0.001). SIRT6, TNF-α, and IFN-γ were significantly higher in lesional than perilesional and control skin (P <0.001). Significant positive correlations were found between SIRT1 and TNF-α, IFN-γ and between SIRT6 and TNF-α in peri-lesional skin. SIRT1 and SIRT6 are potentially involved in the pathogenesis of psoriasis. Modulating their action could offer a novel therapy for such disease.
Introduction
In recent years, the Sirtuins family (SIRT) has shown their involvement in multiple cellular pathways related to aging, inflammation, epigenetics, cancer, and a variety of cellular functions including cell cycle, DNA repair, and proliferation, positioning them as postulated perpetrators in different diseases including psoriasis. 1 The exact role played by these proteins in such diseases has not been clearly explained. 2 It has been proposed that SIRT1 and SIRT6 interact with NF-Кβ via different mechanisms. 3 SIRT1-induced deacetylation of NF-Кβ inhibits the latter mediated transcription of tumor necrosis factor (TNF)-α, 4 thus, inhibiting TNF-α induced pro-inflammatory cytokine expression. 5 On the other hand, SIRT6 upregulates TNF-α protein synthesis in the presence of adequate Nicotinamide adenine dinucleotide (NAD+). 6 Accordingly, modulation of SIRT1 or SIRT6 can lead to alteration of TNF-α activity. 2 The current work aimed at evaluating the expression of SIRT1, SIRT6, TNF-α, and IFN-γ in both normal and psoriatic skin. This was done in an attempt to detect their possible dysregulation and interactions in the complex pathogenesis of psoriasis.
after approval of Dermatology Research Ethical Committee of the Faculty of Medicine, Cairo University and in conformation with the declaration of Helsinki (as revised in Tokyo 2004). Written informed consent was retrieved from all participants prior to commencement of the study. Pregnancy, lactation, autoimmune diseases, and/or other dermatologic diseases necessitated exclusion. Patients were off systemic treatment for at least 1 month and topical therapy for 2 weeks prior to inclusion. Complete history was obtained and clinical examination was performed with disease severity assessed using the Psoriasis Area and Severity Index (PASI).
Punch skin biopsies of 4 mm were retrieved from patients (lesional and peri-lesional) and controls. Biopsies were rinsed in ice-cold phosphate buffer saline (PBS), then homogenized in 300 uL PBS on ice. Ultra-sonication was performed followed by centrifugation for 15 min at 3000×g. The supernatant was separated for quantitative detection of tissue levels of SIRT1, SIRT 6, IFN-γ, and TNF-α by enzyme-linked immunosorbent assay (ELISA) (Sun Red Kits, Shanghai, PR China).
Comparison of numerical variables between study groups was done using the Student's t test.
Categorical data were compared using the Chisquare (χ 2 ) test. Correlation between various variables was done using Pearson's moment correlation equation.
Results
The current study was conducted on 30 patients with psoriasis and 22 controls. Their demographic and clinical data are illustrated in Table 1 .
SIRT1 expression was lowest in psoriatic lesions with escalation of its tissue levels in peri-lesional skin to reach its highest value in controls (P <0.001), while SIRT6, TNF-α, and IFN-γ levels were significantly higher in lesional than perilesional skin and lowest in controls (P <0.001) (Table1) ( Fig. 1) .
Disease duration showed a significant negative correlation with TNF-α in peri-lesional skin only (r = −0.483, P = 0.007). In peri-lesional skin, significant positive correlations were detected between SIRT1 and both TNF-α and IFN-γ (r = 0.451, P = 0.021 and r = 0.367, P = 0.046), respectively, and between SIRT6 and TNF-α (r = 0.377, P = 0.040) as well ( Fig. 2) . None of the other studied variables showed significant correlation with the demographic or clinical data of patients or controls. 
Discussion
In the current study, the possible involvement of two members of the SIRT family (SIRT1 and SIRT6) was highlighted adding to the complexity of the immune dysregulation associated with psoriasis. The expression of SIRT1 was detected to be significantly lowest in the lesional psoriatic skin followed by the peri-lesional areas and highest in the normal controls. On the other hand, the SIRT6 expression was found to be significantly increased in the psoriatic lesions compared to the perilesional skin and lowest in the normal controls. The expected upregulation of TNF-α and IFN-γ in psoriasis 7 was further documented; however, their correlation with SIRT 1 and 6 in psoriatic skin could not be verified.
The possible role of SIRT1 in psoriasis has been suggested previously 8, 9 but with contradictory findings. Recently, the ability of SIRT1 activation to ameliorate imiquimod-induced psoriasiform phenotype and histology in mice has been demonstrated, 10 positioning SIRT1 in the "good cup" side of psoriasis. In agreement with our results, Zhang et al. 8 detected significantly reduced SIRT1 levels in psoriatic patients and attributed this to an intrinsic defect. In contrast, Sestito et al. 9 documented no significant differences in SIRT1 levels measured in keratinocyte cultures of psoriatic and control skin. However, the latter authors reported that in skin samples, rather than in keratinocyte culture, basal keratinocytes' SIRT1 expression was reduced in lesional psoriasis in comparison to healthy and non-lesional skin.
In the current study, surprisingly, a significant positive correlation between SIRT1 and both TNFα and IFN-γ was detected in peri-lesional skin. This was unanticipated, as TNF-α and IFN-γ should allegedly downregulate SIRT1 8 and SIRT1 should suppress the pro-inflammatory cytokines. 11 However, the notification that psoriatic keratinocytes with downregulated SIRT1 expression are able to upregulate and correct their SIRT1 status when cultured 8 sheds light on the possible influence of the surrounding milieu on the behavior of keratinocytes, a postulation that can be elicited by in vitro experiments on keratinocytes cultures. Interestingly, Saini et al. 12 reported that SIRT1 expression was elevated in myoblasts following incubation of TNF-α. The positive SIRT1 correlation with TNF-α and IFN-γ existence only in the peri-lesional skin could raise the speculation that SIRT1 is upregulated in a trial to keep the balance against the pro-inflammatory cytokines, a battle lost in the immunologically mature psoriatic lesional skin. Sirtuins important role in preserving immunological and inflammatory balances via different pathways has been recently highlighted. 11 Examination of other cytokines involved in development of the psoriatic plaque in relation to SIRTs, particularly Tregs, may help clarify their intertwined relation. In addition, a recent study on SIRT1 activator in the treatment of patients with moderate to severe psoriasis revealed promising results with reasonable safety profile as mentioned by the authors. 13 Such findings warrant further exploration of this field of new therapeutic options.
Regarding SIRT6, to our knowledge no other studies investigated its expression in psoriasis, with the current work being the first to draw attention to its possible involvement in such cases.
Several mechanisms have been proposed through which SIRT1 downregulation could be involved in psoriasis including inflammatory, immunological, and hyperproliferative pathways. 14 Furthermore, SIRT6 upregulates TNF-α synthesis, 6 with its deteriorating influences on psoriasis. 7 The absence of a correlation between SIRT1 or SIRT6 and the studied clinical parameters (PASI or duration) does not subdue their roles, as psoriasis is a multifactorial disease, 7 with many factors influencing its severity and chronicity. In the current study, we did not investigate the possible role of SIRT1 and SIRT6 on the development of metabolic syndrome that is known to be associated with psoriasis. This would have been of supplementary value, owing to their known influences on the cardiovascular system, glucogenesis and lipogenesis, 15 the main pillars of the metabolic syndrome. Further work tackling this issue would add much in revealing the real impact of such molecules in psoriasis and its associations.
Sirtuins represent an emerging branch that could fill gaps in the complex pathogenesis of various diseases. This study adds strength to the advocated role of SIRT1 and points to SIRT6 as a possible culprit in psoriasis. SIRT1 activating and SIRT6 inhibitory drugs would offer a new therapeutic option for psoriasis.
